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THE  PROPERTIES  OF  SOME  STONEWARE  CLAYS. 


By  H.  G.  SCHUKECHT, 


INTRODTJCTION. 

In  connection  with  its  investigations  having  to  do  with  the  utih- 
zation  of  high-grade  clays  in  the  United  States,  the  Bureau  of  Mines 
has  conducted,  in  cooperation  with  the  Ohio  geological  survey,  a 
study  of  the  properties  of  some  Ohio  and  Pennsylvania  stoneware 
clays.  The  results  of  that  study  are  presented  in  this  report.  The 
investigation  had  special  reference  to  the  possible  use  of  these  clays 
in  making  chemical  stoneware,  but  many  of  the  results  brought  out 
can  be  applied  to  a  number  of  other  ceramic  industries. 

The  work  was  begun  in  June,  1917,  before  the  Bureau  of  Mines 
ceramic  experiment  station  at  Columbus,  Ohio,  was  established,  and 
was  later  continued  at  that  station. 

The  writer  is  indebted  to  A.  S.  Watts,  quarry  technologist  of  the 
bureau,  under  whoso  direction  the  work  was  undertaken.  The 
Pennsylvania  geological  survey  assisted  in  obtaining  the  clays  in- 
cluded from  that  State.  The  samples  of  Ohio  clays  and  the  sections 
of  the  beds  sampled  were  supplied  by  Mr.  Wilbur  Stout,  of  the  Ohio 
geological  survey. 

USES    OF   CHEMICAL    STONEWARE. 

The  resistance  of  vitrified  clay  to  chemical  action,  together  with 
its  impenetrability  to  liquids,  has  made  chemical  stoneware  an  im- 
portant product  in  the  chemical  industries.  Stoneware  distilling 
kettles,  receivers,  filters,  condensing  worms,  centrifugal  pumps,  acid- 
proof  pipe  fittings,  tower  packing,  acid-proof  tanks,  photographic 
tanks,  and  troughs  and  tubes  for  electrical  processes  are  used  in 
these  industries.  Stoneware  equipment  is  also  used  in  the  prepara- 
tion of  foods,  as,  for  example,  sugar,  flavoring  extracts,  and  preserves. 
During  the  war,  on  account  of  the  increased  production  of  explosives 
and  the  production  of  poisonous  gases  there  was  a  marked  increase 
in  the  demand  for  chemical  stoneware  and  stoneware  clays.  A 
wider  use  of  chemical  stoneware  is  limited  only  hy  its  comparative 
brittleness  and  sensitiveness  to  sudden  temperature  changes. 
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COMPOSITION   AND    REQUIREMENTS  OF  CHEMICAL    STONEWARE. 

The  clays  or  bodies  used  in  the  manufacture  of  chemical  stoneware 
should  have  high  bonding  strength,  small  drying  and  burning  shrink- 
ages, and  a  rather  wide  range  of  vitrification.  Crushed  stoneware 
scrap  is  sometimes  added  to  clay  bodies  to  reduce  shrinkage.  Feld- 
spar is  sometimes  added  as  a  flux.  As  the  color  of  chemical  stone- 
ware is  not  important,  in  Europe'*  cheaper  fluxes,  such  as  phono- 
lite,  trachyte,  porj)hyry,  and  retinite,  have  been  used  in  place  of 
feldspar.  Similar  minerals  are  found  in  this  country  in  Texas, 
South  Dakota,  Wyoming,  Missouri,  Minnesota,  Utah,  Arizona,  and 
Colorado.  Clarke^  gives  the  analysis  (in  percentages)  of  a  variety 
of  phonolite  as  follows:  SiOj,  50.00;  AI2O3,  23.96;  FcoOg,  2.30;  CaO, 
1.22;  CaSO^,  1.41;  MgO,  0.28;  KA  9.28;  Na20,  8.05;  H3PO4,  0.05; 
CO2,  0.22;  H2O,  3.27;  total,  100.13.  Albany  slip  is  also  used  as  a  flux 
in  chemical  stoneware. 

There  are  many  different  uses  for  chemical  stoneware,  hence  the 
body  must  bo  varied  to  meet  the  different  requirements.  Corundum '' 
is  sometimes  added  to  the  body  if  unusual  resistance  to  temperature 
changes  is  necessary.  If  the  ware  must  be  unusually  resistant,  to 
chemical  action,  a  high  degree  of  vitrification  is  desu-able.  For 
certain  uses  the  ware  should  be  resistant  to  shocks  and  strains  and 
therefore  the  body  should  be  unusually  tough  and  strong  when 
burned.     The  physical  properties  are  as  important  as  the  chemical. 

A  salt  or  slip  glaze  is  commonly  applied,  although  a  glaze  corre- 
sponding to  the  formula  of  Seger  cone  1  is  sometimes  employed  for 
ware  bunied  to  cone  4.  Carborundum,'^  because  of  its  resistance  to 
chemical  action,  is  sometimes  applied  as  a  coating,  water  glass  or 
boric  acid  being  used  as  a  binder. 

OCCURRENCE  OF  THE  CLAYS  INVESTIGATED. 

SAMPLE     A.    "tIGNESTA"     CLAY.     ELLIS,     MUSKINGUM     COUNTY,     OHIO. 

A  sample  (designated  herein  as  sample  A)  of  Tionesta  clay  was 
obtained  from  the  drift  mine  of  Joseph  Moody,  situated  1  mile  south 
of  Ellis,  Muskingum  County,  Ohio.  This  clay  is  shipped  to  the  pot- 
teries at  Zanesville  and  Cambridge,  Ohio,  and  is  used  in  the  manu- 
facture of  art  ware,  naosaic  tile,  and  cooking  ware.  The  sample  was 
taken  from  a  stock  pile  of  the  cla3^  A  vertical  section  of  an  ex- 
posure at  the  mine  is  as  follows: 

aKerl,  B.,  Cramer,  E.,  and  lIecht,U.,  Ilanclbuch  der  gcsammten  thonwaarcn  Industrie,  1907,  p. 1320. 
6  Clarke,  F.  W.,  Analyses  of  rocks  and  minerals  from  the  laboratory  of  the  United  States  Geological 
Survey,  lSSO-1914,  U.  S.  Geol.  Survey  Bull.,  591, 1915,  p.  119. 
c  German  patent,  15S336. 
d  Kerl,  B.,  Cramer,  E.,  and  Uecht,  II.,  work  cited,  p.  961. 
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Geologic  section  at  mine  of  Joseph  Moody. 

Ft.  in. 

Shale 15  0 

Limestone  (Putman  Hill) 4  9 

Clay  and  shale 12  0 

Clay,  light,  plastic  (Tionesta)  a, 4  10 

SAMPLE  B.  LOWER  KITTANNINQ  CLAY.    ROSE VILLE,  MUSKINGUM  COUNTY, 

OHIO. 

The  sample  designated  herein  as  sample  B  was  taken  from,  an 
open-cut  mine  of  the  Hydraulic  Press  Brick  Co.,  at  Roseville,  Mus- 
kingum County,  Ohio.  Tlie  clay  bed  worked  is  in  the  Lower  Kit- 
tanning  formation,  and  has  a  cover  sufficient  to  prevent  weathering. 
A  vertical  section  of  the  strata  at  this  mine  is  as  follows: 

Geologic  section  at  mine  of  Hydraulic  Press  Brick  Co. 

Ft.  in. 

Shale 12  0 

Shale,dark 0  2 

Coal,  rough  (]\Iiddle  Kittanning) 0  6 

Shale  (Middle  Kittanning) 0  3 

Coal  (^liddle  Kittanning) 1  7 

Clay  (^Middle  Kittanning) 0               ^ 

Coal  (Middle  Kittanning) - 1  0 

Clay,  siliceons 1  2 

Sandstone,  irregular  bedded 3  2 

Shale,  gray 7  0 

Sandstone,  shaly 3  G 

Shale,  gray 0  4 

Coal,  shaly 0  1 

Clay,  plastic,  dark  gray  (Oak  Hill) 5  0 

Clay,  plastic,  with  large  nodules  of  ferruginous  limestone 

(Oak  Hill) 2  0 

Clay,  plastic,  light  (Oak  Hill) 1  0 

Clay,  flint,  light  gray  (Oak  Hill) 3  0 

Coal,  smutty  (Lower  Kittanning) 0  1 

Clay,  plastic,  light  to  dark  gray  (Lower  Kittanning)  b q  8 

SAMPLE     C.      LOWER      MERCER      CLAY.       WHITE     COTTAGE,    MUSKINGUM 

COUNTY,  OHIO. 

Sample  C  was  taken  at  the  open-cut  mine  of  W.  F.  Gerhart, 
situated  about  1  mile  west  of  White  Cottage,  Muskmgum  County, 
Ohio.  The  clay  is  used  extensivel}'  by  the  Muskingum  Pottery^  Co., 
White  Cottage,  and  by  the  A.  E.  Hull  Pottery  Co.,  Crooksville. 
The  bed  is  in  the  "Lower  Mercer  formation".  Although  under 
shallow  cover,  the  clay  is  only  slightly  weathered.  A  vertical  section 
of  the  strata  as  exposed  at  this  mine  follows: 

a  Bed  mined.  b  Middle  Kittanning.  c  Bed  sampled. 


D  PROPERTIES   OF   SOME   STONEWARE   CLAYS. 

Geologic  section  at  mine  of  W.  F.  Gcrhart. 

Ft.        in. 

Limestone  (Middle  Mercer) 1  1 

Shale 0  3 

Coal,  bony  (Middle  Mercer) 0  2 

Coal,  good  (Middle  Mercer) 0  3 

Clay,  light  siliceous 2  10 

Coal,  shaly 0  3 

Claj-,  siliceous,  light,  lower  part  ferruginous 3  0 

Clay,  dark,  flinty,  siliceous  (Lower  Mercer)  a 0  11 

Clay,  plastic,  light  gray  (Lower  Mercer)  « 1  8 

Clay,  light,  siliceous  (Lower  Mercer)  « 1  9 

Clay,  dark,  somewhat  shaly  (Lower  Mercer)  « 1  8 

Clay,  light,  siliceous,  hard  (Lower  Mercer)  « ?•  1 

Clay,  light,  plastic  (Lower  fiercer)  « 1  2 

SAMPLE    D.    CLAY    FROM    MOGADORE,  SUMMIT    COUNTY,  OHIO. 

The  mine  where  sample  D  was  obtained  is  situated  at  Mogadore, 
Summit  County,  Ohio,  on  the  Wheeling  &  Lake  Erie  Railroad.  The 
sample  was  taken  from  a  large  pile  of  unweathered  clay  representing 
clay  from  15  rooms  in  the  mine.  A  vertical  section  of  the  strata  at 
this  mine  is  as  follows: 

Geologic  section  at  mine  at  Mogadore,  Ohio. 

Ft.       in. 

Shale,  dark '. 0  0 

Coal,  smutty.' ■ 0  1 

Clay,  siliceous,  gray  b 4  g 

Shale,  dark,  argillaceous 1  0 

SAMPLE    E.    LOWER     KITTANNING    CLAY.       TORONTO,    JEFFERSON 
COUNTY,  OHIO. 

Sample  E  is  Lower  Kittanning  clay  from  the  mine  of  the  Toronto 
Fire  Clay  Co.,  Toronto,  Jefferson  County,  Ohio.  The  sample  repre- 
sents clay  from  different  rooms  in  the  mine.  ^Vii  exposure  of  the 
strata  at  this  mine  shows  the  following  vertical  section: 

Geologic  section  at  mine  of  Toronto  Fire  Clay  Co. 

Ft.       in. 

Shale 15  0 

Coal  (Lower  Kittanning) 2  G 

Clay,  lower  part  siliceous  c 7  0 

Clay,  very  siliceous,  hard,  gray 5  0 

Clay,  bluish,  sandy 2  0 

SAMPLES    F   AND    G.    LOWER    KITTANNING    CLAY.    NEW    BRIGHTON, 
BEAVER   COUNTY,  PA. 

Sample  F  was  taken  from  a  large  pile  of  clay  at  the  Sherwood  Bros, 
pottery.  New  Brighton,  Beaver  County,  Pa.  The  clay  represented 
by  this  sample  came  from  under  cover.     The  section  is  similar  to  that 

<j  Included  in  sample.  b  Bed  mined.  c  Bed  sampled. 
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at  the  mine  of  the  A.  F.  Smith  Co.,  at  New  Brighton,  where  sample  G 
was  obtained.  These  mines  are  working  a  bed  of  Lower  Kittanning 
clay  about  5  feet  thick,  which  is  overlain  by  about  1  foot  of  coal. 
The  clay  mined  by  the  A.  F.  Smith  Co.  plant  is  exposed,  and  therefore 
is  more  weathered  than  that  mined  at  the  Sherwood  Bros,  pottery. 

SAMPLE  H.  TIONESTA  CLAY.     CROOKSVILLE,  PERRY  COUNTY,  OHIO. 

Sample  H  was  taken  from  the  drift  mine  of  W.  H.  Brown  and 
S.  H.  Sharky,  situated  1  mile  west  of  Crooksville,  Perry  Coimty,  Ohio. 
The  clay  is  used  extensively  in  both  whiteware  and  stoneware  pot- 
teries. The  output  of  this  mine  is  shipped  principally  to  the  A.  E. 
Hull  pottery.  The  sample  was  taken  from  a  clean  face,  well  imder 
cover.     A  vertical  section  of  the  strata  of  this  mine  is  as  follows: 

Geologic  section  at  mine  of  Brown  &  Sharky,  Ohio. 

Ft.      In. 

Shale 5  0 

Limestone  (Putman  Hill) 1  8 

Coal  (Brooksville) 0  4 

Clay,  light  plastic 6  0 

Clay,  dark,  carbonaceous  (horizon  of  Tionesta) 0  2 

Clay,  lightplastic  « 6  0 

SAMPLE     I.    LOWER     KITTANNING     CLAY.     FIREBRICK,      LAWRENCE 

COUNTY,  OHIO. 

The  Lower  Kittanning  clay  represented  by  sample  I  is  used  exten- 
sively in  the  manufacture  of  fire  brick  and  sewer  pipe  in  the  southern 
part  of  Lawrence  County,  Ohio.  The  sample  was  taken  from  an  open 
cut  at  Firebrick.  The  bed  is  unusually  free  from  nodules  or  sulphur 
compounds.     A  vertical  section  of  the  strata  is  as  follows: 

Geologic  section  at  open-cut  mine  at  Firebrick,  Ohio. 

Sandstone 8  0 

Clay,  shaly  (Oak  Hill) 2  0 

Coal  (Lower  Kittanning) 1  8 

Clay  (Lower  Kittanning) 0  1^ 

Coal  (Lower  Kittanning) 0  8 

Clay,  dark,  carbonaceous  (Lower  Kittanning) 0  4 

Clay,  light,  plastic  (Lower  Kittanning) « 5  0 

Clay,  siliceous,  light 2  0 

SAMPLE    J.    LOWER    KITTANNING    CLAY.       NELSON VILLE,    HOCKING 

COUNTY,    OHIO. 

The  Lower  Kittanning  clay,  represented  by  sample  J,  is  used 
extensively  in  the  manufacture  of  brick  at  Nelsonville,  Hocking 
Coimty,  Ohio.     The  sample  was  taken  from  the  mine  of  the  Hock- 

a  Sampled. 
169753°— 20 2 
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ing  Valley  Fire  Brick  Co.,  where  it  is  used  in  the  production  of 
salt-glazed  building  brick.  A  vertical  section  of  the  strata  at  this 
mine  is  as  follows: 

Geologic  section  at  mine  of  Hocking  Valley  Fire  Brick  Co. 

Ft.  in. 

Sandstone («)  0 

Shale G  0 

Coal  (Lower  Eattanning) 1  8 

Clay,  dark,  carbonaceous 0  4 

Clay,  light,  plastic  (Lower  Kittanning)  & 8  G 

Sandstone,  shaly 5  0 

SAMPLE   K.    SElVaFLINT   CLAY.       SCIOTO   FURNACE,   SCIOTO   COUNTY, 

oino. 

A  sample  of  semifiint  clay,  designated  sample  K,  was  taken  from 
a  large  pile  at  the  plant  of  the  Buckeye  Fire  Brick  &  Clay  Co.,  Scioto 
Furnace,  Scioto  County,  Ohio.  The  clay  is  used  extensively  in  the 
manufacture  of  high-grade  fire  brick.  A  vertical  section  of  the  ex- 
posure in  the  mine  is  as  follows : 

Section  at  mine  of  Buckeye  company. 

Ft.       in. 

Shale 3  0 

Coal  ("Anthony") 0  1 

Clay,  flint 2  0 

Clay,  Bemiflint  ("Sciotoville")  <= 1  6 

Clay,  "pinkeye" 2  0 

PROCEDURE  IN  MAKING  TESTS. 

For  the  investigation,  test  pieces  were  molded  from  seven  bodies 
which  were  prepared  from  each  of  the  following  stoneware  clays. 
The  bodies  studied  were  as  follows: 

Body  1.  Run-of-mine  clay  ground  dry  to  pass  a  20-mesh  sieve. 

Body  2.  Clay  washed  through  a  150-mesh  sieve. 

Body  3.  Residue  from  the  washing  ground  to  pass  a  150-mesh 
sieve  and  added  to  the  washed  clay. 

Body  4.  95  per  cent  washed  clay  (150-mesh)  and  5  per  cent  feld- 
spar. 

Body  5.  90  per  cent  washed  clay  (150-mesh)  and  10  per  cent  feld- 
spar. 

Body  6.  95  per  cent  washed  clay  (150-mesh)  and  10  per  cent 
feldspar  plus  0.16  per  cent  CaCOg. 

Body  7.  95  per  cent  washed  clay  (150-mesh)  and  5  per  cent  feld- 
spar plus  6.1  per  cent  CaCOj.  The  two  calcite-orthoclase  eutectics 
were  used  as  a  guide  in  adding  the  calcium  carbonate.** 

a  Not  measured. 
6  Sampled. 

c  Represented  by  sample. 

d  Kirkpatrick,  F.  A.,  a  fusion  study  of  the  mineral  systems  feldspar  calcite  and  feldspar  magnesite. 
Trans.  Am.  Cer.  Soc.,  vol.  18, 1916.    pp.  577-618. 
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VOLUMETER.  V 

The  drying  shrinkage,  tempering  water,  shrinkage  water,  pore 
water,  rate  of  slaking  in  water,  and  the  transverse  strengths  in  the 
green  condition  were  determined  for  each  body. 

The  softening  points  of  the  clays  were  compared  to  those  of  Orton 
pyrometric  cones.  The  apparent  porosities  and  volume  shrinkages 
of  the  briquets  were  determined  after  firing  to  the  different  tem- 
peratures. 

On  account  of  the  fact  that  commercial  pieces  of  chemical  stone- 
ware are  usually  large,  any  tendency  of  the  clays  to  warp,  crack,  or 
break  in  burning  may  cause  high  kiln  losses.  A  modification  of  the 
warpage  test  as  described  by  Worcester  "  was  therefore  employed. 
This  consisted  in  applying  a  load  on  the  center  of  the  test  bar  while 
the  bar  rested  on  two  knife-edges  placed  6  inches  apart  (see  PL  I,  A). 
A  3-pound  weight  was  applied  to  the  bars  having  a  1  by  1  inch  cross 
section,  corrections  in  weight  being  made  for  those  having  a  smaller 
cross  section.  The  deformation  (see  PL  I,  B)  was  expressed  as  the 
percentage  of  warpage  in  terms  of  the  length  of  the  span. 

Transverse-strength  tests  of  the  burned  test  bars  were  made  after 
heating  five  times  to  600°  C.  and  quenching  in  water  at  18°  C.  after 
each  heating.  The  percentage  decrease  in  strength  gives  a  rough 
indication  of  the  resistance  of  the  fired  bodies  to  temperature 
changes.  ' 

VOLUMETER. 

In  a  study  of  the  drying  and  burning  behavior  of  clays  the  volume 
shrinkage  can  be  determined  more  accurately  than  the  linear  shrink- 
age.^ A  simple  and  efficient  volumeter  for  measuring  volmne 
shrinkage  has  been  in  demand,  especially  for  use  in  ceramic  labora- 
tories. Heretofore  the  Seger  volumeter,"  although  unsatisfactory, 
has  been  used  almost  universally  by  ceramists.  Some  of  the  objec- 
tions to  the  Seger  volimieter  are: 

1.  It  is  too  time  consuming.  In  order  to  obtain  accurate  results 
with  a  Seger  volumeter,  the  liquid  in  the  burette  must  be  permitted 
to  drain  at  least  3  minutes  before  making  a  reading.  The  total 
time  required  for  a  single  detennination  of  volume  varies  from  5  to 
10  minutes. 

2.  Particles  of  grit  or  clay  may  become  lodged  in  the  stopper  joint 
thus  changing  the  volume  of  the  bottle  when  closed. 

3.  The  volumeter  is  quite  fragile  and  easily  broken. 

4.  Errors  are  often  introduced  through  entrapping  of  air  bubbles. 


a  Worcester,  W.  G.,  The  warpage  of  rooflnt;  tile  clays.    Trans.  Am.  Cer.  Soc.,  vol.  12,  1910,  pp.  S18-S53. 

6  Bailey,  J.,  Variation  in  linear  shrinkage  of  clay  te:t  pieces:  Trans.  Am.  Cer.  Soc.,  vol.  18,  1916,  pp. 
557-563. 

c  For  details  regarding  the  operation  of  the  Seger  volumeter  see  Reis,  H.,  Clays,  their  occiurence,  prop- 
erties, and  uses.    1908.    pp.  160-162. 
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Joint  ground 
to   fit 


Section  through  A-/K 


Figure  l.— Volumeter  used  in  tests. 


VOLUMETER.  11 

In  order  to  overcome  some  of  these  objections  a  volmneter 
(fig.  1)  operating  on  the  principle  of  the  pjcnometer  was  designed 
by  the  writer  and  has  been  used  extensively  in  the  Bureau  of  Mines 
ceramic  laboratories  with  excellent  results.  The  bottle  is  made 
of  glass — metal  being  considered  too  heavy,  as  it  would  decrease  the 
sensitiveness    of    the    determinations. 

The  bottle  is  filled  with  liquid  (kerosene  or  water)  and  as  the 
stopper  is  inserted  sufficient  liquid  is  forced  into  the  tube  in  the  stopper 
so  as  to  fill  it  completely.  The  excess  liquid  is  carefully  wiped  off 
and  the  bottle  is  weighed.  The  briquet  to  be  measured  is  then 
inserted  into  the  bottle  and  the  operation  is  repeated.  The  calcula- 
tion involved  is  as  follows: 


S 

¥=¥01111116. 

W= Weight  of  bottle  plus  liquid. 
Wi=Weiglit  of  bottle  plus  liquid  plus  briquet. 
B=Weiglit  of  saturated  briquet. 
S= Specific  gravity  of  liquid. 

It  is  necessary  to  check  the  weight  of  the  bottle  plus  the  liquid 
at  intervals,  as  minute  particles  of  clay  dropping  from  the  briquets 
may  increase  this  weight. 

A  mark  is  scratched  on  one  side  of  the  stopper  and  bottle  so  that 
the  stopper  may  be  placed  each  time  in  the  same  position  with 
reference  to  the  bottle,  any  error  which  might  be  caused  by  inserting 
the  stopper  in  different  positions  being  thereby  eliminated. 

As  regards  this  type  of  volumeter  compared  with  the  Seger 
volmneter  it  may  be  said: 

1.  The  pycnometer  can  be  operated  with  greater  rapidity.  Deter- 
minations have  been  made  in  1.5  to  2.5  minutes,  the  time  depending 
largely  upon  the  skill  of  the  operator.  Five  to  ten  minutes  were 
required  when  using  the  Seger  volumeter,  hence  the  pycnometer 
method  is  two  to  five  times  as  fast. 

2.  The  apparatus  is  comparatively  accurate.  Volumes  can  be 
determined  to  within  0.01  to  0.05  c.  c,  the  accuracy  depending  on 
the  size  of  the  briquet  and  the  sensitiveness  of  the  balance  used. 

3.  The  error  due  to  lodging  of  grit  or  clay  in  the  joint  of  the  stopper 
is  less  than  in  the  Seger  volumeter,  because  the  stopper  is  smaller. 

4.  There  is  less  chance  of  error  from  air  bubbles. 

5.  The  apparatus  is  less  cumbersome  and  not  so  easily  broken  as 
the  Seger  volumeter. 

6.  The  device  is  less  expensive,  simple  to  construct,  easy  to  clean, 
and  occupies  less  space. 
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RESULTS  OF  THE  TESTS. 
SAMPLE  A,  TIONESTA  CLAY.       ELLIS,  MUSKINGLTM  COUNTY,  OHIO. 

This  clay  slakes  rapidly  in  water  and  is  comparatively  low  in  coarse 
material,  leaving  only  2.5  per  cent  residue  on  a  150-mesli  screen. 
The  clay  develops  good  mechanical  strength  both  in  the  raw  and 
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riGUKE  2. — Curves  showing  temperature-porosity  relations  of  clay  A,  from  Ellis,  Ohio.  1,  Run-of-mine 
through  20  mesh;  5,  washed  through  150  mesh;  5,  washed,  with  reground  residue;  J,,  95  washed  clay  and 
5  feldspar;  5,  90  washed  clay  and  10  feldspar;  6, 95  washed  clay,  5  feldspar,  and  0.16  CaCO,;  7, 95  washed 
clay,  5  feldspar,  and  6.1  CaCOa. 

burnt  condition.  In  this  report  the  strength  of  the  clays  tested  is 
expressed  in  relative  terms  only,  as  "low,"  ''fair,"  "good,"  and 
"high." 

As  all  of  the  bodies  investigated  developed  greater  strength  when 
burned  to  cone  8  than  when  burned  to  cone  6  or  10,  it  would  appear 
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that  for  this  class  of  clays  and  for  the  bodies  made  from  them,  the 
maximum  strength  is  developed  by  bm^ning  to  cone  8.  The  differ- 
ence in  strength  is  probably  due  to  underbuming  at  cone  6  and  over- 
bmrdng  at  cone  10.  The  strength  of  the  clays  and  the  prepared 
bodies  is  considerably  increased  when  the  material  is  screened  through 
a  150-mesh  sieve. 
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FiGXTEE  3.— Cun-es  showing  temperature-shrinkage  relations  of  clay  A,  from  Ellis,  Ohio.  /,  Run-of-mine 
tlirough  20  mesh;  2,  washed  through  150  mesh;  S,  washed,  with  reground  residue;  4,  95  washed  clay  and 
5  feldspar;  B,  90  washed  clay  and  10  feldspar;  6, 95  washed  clay,  5  feldspar,  and  0.16  CaCOjj  7, 95  washed 
clay,  5  feldspar,  and  6.1  CaCOi. 

The  vitrification  range  (see  figs.  2  and  3)  is  increased  when  the  clay 
is  screened  through  a  150-mesh  sieve  as  compared  with  that  of  run- 
of-mine  clay  screened  through  a  20-mesh  sieve.  The  vitrification  also 
starts  about  two  cones  (40°C.)  lower.  This  is  also  true  of  the  body  in 
which  the  residue  on  the  screen  was  ground  to  pass  a  150-mesh  sieve 
and  then  added  to  the  washed  clay.     Screening  through  a  150-mesh 
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sieve  also  increases  the  burning  shrinkage.  Bodies  4,  5,  and  6  have 
porosity  and  shrinkage  curves  which  closely  resemble  those  of  the 
washed  clay.  Body  7  is  comparatively  open  burning  and  has  a  short 
vitrification  range.  This  is  characteristic  of  high-lime  bodies,  be- 
cause the  lime  accelerates  fusion.  The  softening  point  of  the  clay 
is  cone  26  + ,  which  approximately  meets  the  requirements  of  a  No.  3 
fire  clay  as  classified  by  Bleininger.*^ 
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FiGiniE  4. — Curves  showing  temperature-porosity  relations  of  clay  B,  from  Rosevillc,  Ohio.  /,  Run-of- 
mine  through  20  mesh;  Z,  washed  through  150  mesh;  S,  washed,  with  reground  residue;  4,  95  washed 
clay  and  5  feldspar;  B,  90  washed  clay  and  10  feldspar;  6,  95  washed  clay,  5  feldspar,  and  0.16  CaCOj;  7, 
95  washed  clay,  5  feldspar,  and  6.1  CaCOj. 

The  clay  warps  considerably  under  load.  The  run-of-mine  clay, 
screened  through  a  20-mesh  sieve,  seems  to  be  more  resistant  to  the 
quenching  treatment  than  the  same  clay  screened  through  a  150-mesh 

o  Bleininger,  A.  V.,  Some  aspects  of  the  testing  of  refractories;  Proc.  Eng.  Poc.  Western  Pennsylvania, 
vol.  32, 1916,  p.  613. 
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sieve.  This  was  found  to  be  the  case  with  all  the  clays  tested. 
The  strength  of  the  burned  bars  after  quenching  was  greater  when 
the  bars  were  bm-ned  to  cone  6  than  when  burned  to  cone  8  or  10 
(see  Table  4,  on  p.  36). 

SAMPLE  B,  LOWER  KITTANNING  CLAY.      ROSE VILLE,  MUSKINGUM  COUNTY, 

OHIO. 

This  clay  slakes  readily  in  water.     The  washed  clay  has  fair  dry 
strength  and  develops  good  strength  when  burned  to  cone  8.     Wash- 
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Figure  5.— Curves  showing  temperature-shrinkage  relations  of  clay  B,  from  Roseville,  Ohio.  /,  Run-of- 
mine  through  20  mesh;  2,  washed  through  150  mesh;  5,  washed,  with  repround  residue;  i,  95  washed 
clay  and  5  feldspar;  B,  95  washed  clay  and  10  feldspar;  6,  95  washed  clay,  5  feldspar,  and  Cir,  CaCOj;  7, 
95  washed  clay,  5  feldspar,  and  6.1  CaCOs. 

ing  and  screening  through  a  loO-mesh  sieve  affords  a  much  denser 
body  than  run-of-mine  clay  screened  through  a  20-mesh  sieve,  r.s 
shown  by  the  lower  minimum  porosity  (see  figs.  4  and  5).     The  clay 

16975.3°— 20 .3 
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has  a  short  vitrification  range,  vitrifying  at  1,210°  C,  and  overbums 
at  temperatures  above  1,250°  C.  The  clay  would  be  difficult  to 
utilize  in  the  production  of  vitrified  wares,  owing  to  the  short  tem- 
perature interval  in  which  vitrification  occurs.  The  effect  of  adding 
a  large  percentage  of  lime  (6.1  per  cent  CaCOg)  is  to  raise  the  vitrifi- 
cation temperature  from  1,210°  to  1,290°  C,  therefore  the  clay-lime 
eutectic  is  evidently  below  a  content  of  6  per  cent  CaCOg. 
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FiGUKE  6.— Curves  showing  temperature-porosity  relations  of  clay  C,  from  White  Cottage,  Ohio. 
1,  Run-of-mine  through  20  mesh;  5,  wa.shod  through  150  mesh;  S,  washed,  with  regroimd  residue 
4,  95  washed  and  5  feldspar;  5,  Ob  washed  and  10  feldspar;  (5,  95  washed  clay,  5  feldspar,  and  0.16; 
CaCOa;  7,  95  washed  olay,  5  feldspar,  and  6.1  CaCOs. 

The  softening  point  is  cone  25  + ,  which  does  not  meet  the  require- 
ment for  a  high-grade  fire  clay.  The  clay  warps  considerably  under 
load  and  therefore  may  be  unsatisfactory  if  used  alone.  Briquets 
bm-ned  at  cone  6  gave  the  highest  strength  after  quenching. 
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SAMPLE     C,     LOWER     MERCER     CLAY.       WHITE      COTTAGE,    MUSKINGUM 

COUNTY,    OHIO. 

This  clay  does  not  slake  readily  in  water  and  was  therefore  wet 
ground  in  a  wet  pan  before  blunging.  The  percentage  of  residue  on 
a  150-mesh  sieve  is  9.4  per  cent,  which  is  high.  '  The  strength  of  the 
raw  clay  is  low,  but  that  of  the  burned  clay  is  good.     Adding  the 
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Figure  7.— Curves  showing  temnerature-shrinkago  relations  of  elay  C,  from  White  Cottage,  Ohio. 
1,  Rtin-or-mine  through  20  mesh;  ?,  washed  through  150  mesh;  ?,  washed  with  reground  residue;  4, 
95  washsd  and  5  feldspar;  5,  90  washed  and  10  feldspar;  G,  P5  washed  rlay,  5  feldspar,  and  0.16  CaCOj; 
1,  95  washed  elay,  5  feldspar,  and  6.1  CaCOs. 

reground  residue  to  the  washed  clay  makes  it  more  "open"  burning 
(see  figs.  6  and  7).  The  washed  clay  becomes  vitrified  at  1,290°  C. 
and  overburns  above  1,330°  C,  as  is  shown  by  the  swelling  of  the  clay 
due  to  vesicular  structure. 
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The  softening  point,  cone  26,  would  probably  classify  it  as  a  No.  3 
fire  clay.  The  warpage  under  load  at  cone  4  is  excessive  and  high 
kiln  losses  would  be  expected  if  this  clay  were  used  alone  in  the 
manufacture  of  chemical  stoneware.  The  strength  of  the  burned 
bars  after  quenching  was  higher  when  burned  to  cone  8  than  at 
cones  6  or  10  (see  Table  4,  p.  36). 
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Figure  8. — Curves  sho\nng  temperature-porosity  relations  for  clay  D,  from  ^^ogado^e,  Ohio.  1,  Run- 
of-mine  through  20  mesh;  2.  washed  through  150  mesh;  S,  washed,  with  rcground  residue;  i,  95  washed 
and  5  feldspar;  5,  90  washed  and  10  feldspar;  6,  95  washed  f' lay,  5  feldspar,  and  0.16  CaCOa;  7,  95  wa.shed 
clay,  5  feldspar,  and  6.1  CaCOs. 


SAMPLE    D.       CLAY    FROM    MOGADORE,    SUMMIT    COUNTY,    OHIO. 

This  clay  does  not  slake  readUy  in  water  and  was  therefore  wet 
ground  before  blunging.  The  percentage  of  residue  on  a  150-mesh 
sieve  is  high.  The  strength  of  the  dried  clay  is  low,  although  that  of 
the  burned  clay  is  fair.     The  washed  clay  nitrifies  at  1,290°  C.  and 
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overburns  at   +1,350°  C,  therefore,  tlie  vitrification  range  is  com- 
paratively narrow.     (See  figs.  8  and  9). 

The  softening  point  is  cone  18.  The  resistance  of  the  washed  clay 
test  pieces  .to  warpage  under  load  is  not  satisfactory.  The  maxi- 
mum strength  after  quenching  was  attained  in  bars  burned  to  cone  6. 
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Figure  9. — Curves  showing  temperature-shrinkage  relations  for  clay  D,  from  Mogadore,  Ohio.  1,  Rtm- 
of-mine  through  20  mesh;  ;?,  washed  through  150  mesh;  •?,  washed  with  reground  residue;  ^,  95  washed 
clay  and  5  feldspar;  6,  90  washed  clay  and  10  feldspar;  6,  95  washed  clay,  5  feldspar,  and  6.1  CaCO|. 


SAMPLE    E.       LOWER    IQTTANNING   CLAY, 

COUNTY,    OHIO. 


TORONTO,    JEFFERSON 


This  clay  does  not  slake  in  water  and  was  therefore  wet  ground 
before  blunging.     The  modulus  of  rupture  of  the  test  ])ieces  from  the  , 
washed  clay  when  burned  to  cone  8  is  also  very  good.     The  washed 
clay  becomes  vitrified  at  1,250°  C.  and  overburns  above  1,310°  C. 
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The  addition  of  feldspar  produces  a  body  of  lower  porosity  tliaii 
when  no  feldspar  is  used.     (See  figs.  10  and  11). 

The  softening  point  is  cone  26— ,  which  would  classify  this  clay  as 
meeting  the  requirements  of  a  No.  3  fire  clay.  The  resistance  to 
warpage  under  load  is  rather  high.  ,  The  bars  showing  the  highest 
strength  after  quenching  were  those  burned  at  cone  8.  (See  Table  4, 
p.  36.) 
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FiGXJRE  10. — Curves  showing  temperature-porosity  relations  for  clay  E,  from  Toronto,  Ohio.  1,  Run- 
of-mine  through  20-mesh;  2,  washed  through  150  mesh;  3,  washed  with  reground  residue:  J,,  95  washed 
and  5  feldspar;  5,  90  washed  and  10  feldspar;  6,  95  washed  clay,  5  leldspar,  and  0.16  CaC03;  7,  95  washed 
clay,  5  feldspar,  and  6.1  CaCOs. 

SAMPLE    F.       LOWER    KITTAXXIXG    CLAY.       XEW    BRIGHTON,    BEATER 

COITXTT,    PA. 

The  clay  slakes  readily  in  water  and  the  dry  strength  is  low  though 
the  burned  strength  is  fair.  The  washed  clay  vitrifies  at  1,270°  C. 
and  orerburns  above  1,310°  C,  which  is  a  short  vitrification  range 
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(see  figs.  12  and  13).  The  softening  point,  cone  28,  approximately 
meets  the  requirement  for  a  No.  2  fire  clay.  The  resistance  of  the 
test  pieces  molded  from  the  washed  clay  to  warpage  under  load  is 
poor.  The  maximum  strength  of  the  burned  bars  after  quenching 
was  greater  when  burned  to  cone  8  than  at  cones  6  or  10  (see  Table  4, 
p.  36). 
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Figure  11. — Curves  showing  temperature-shrinkage  relations  for  clay  E,  from  Toronto,  Ohio.  /,  Run- 
of-mine  through  20  mesh;  ?,  washed  through  150  mesh;  S,  washed,  with  reground  residue:  1,,  95  washed 
and  5  feldspar;  5,  90  washed  and  10  feldspar;  C,  95  washed  clay,  5  feldspar,  and  0.16  CaCOi;  7,  95  washed 
clay,  5  feldspar,  and  6.1  CaC0|. 

SAMPLE   G.      LOWER    KITTANNING   CLAY.      NEW  BRIGHTON,  BEAVER 

COUNTY,    PA. 

The  clay  slakes  readily  in  water,  the  strength  in  the  raw  and 
burned  condition  is  fair,  and  the  vitrification  range  is  small.  There- 
fore this  clay  is  not  considered  a  ])ractical  v\orking  clay  for  the  pro- 
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duction  of  highly  vitrified  products  (see  figs.  14  and  15).  The  addi- 
tion of  the  reground  residue  to  the  washed  clay  increases  the  porosity. 
The  softerdng  point  is  cone  28,  meeting  the  requirements  of  a  No.  2 
fu-e  clay.  The  resistance  to  warpage  under  load  at  cone  4  is  not 
satisfactory.  The  highest  strength  after  quenchmg  was  obtained 
with  bars  of  the  unwashed  claj'  burned  at  cone  8  (see  Table  4, 
p.  36). 
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Figure  12.— Curves  showing  temperature-porosity  relations  for  clay  F,  from  New  Brighton,  Pa.  I,  Run- 
of-mine  through  20  mesh;  ;?,  washed  through  150  mesh;  S,  washed,  with  reground  residue;  4,  95  washed 
and  5  feldspar;  5,  90  washed  and  10  feldspar;  6,  95  washed  clay,  5  feldspar,  and  0.16  CaCOs.  ?,  95 
washed  clay,  5  feldspar,  and  C.l  CaCOa- 

SAMPLE    H.       TIONESTA    CLAY,    CROOKSVILLE,    PERRY    COUNTY,    OHIO. 

The  clay  slakes  readily  in  water.  The  dry  strngth  is  fair  and  the 
burned  strength  is  good.  The  addition  of  feldspar  or  CaCO=  increases 
the  vitrification  range  (see  figs.  16  and  17).     The  addition  of  reground 
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residue  makes  the  body  more  refractorv',  raising  the  vitrification 
temperature  from  1,290°  to  1,370°  C. 

The  softening  point  is  cone  28,  meeting  the  requirements  of  a  No.  2 
fire  clay.  The  resistance  to  warpage  under  load  is  not  very  good. 
Bars  showing  the  greatest  strength  after  quenching  were  those 
burned  to  cone  8  (see  Talde  4,  p.  36). 
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Figure  13.— Curves  showing  temperature-shrinkage  relations  for  clay  F,  from  New  Brighton,  Pa. 
/,  Run-of-minc  through  20  mesh;  2,  washed  through  150  mesh;  S,  washed,  with  reground  residue;  4,  95 
washed  and  5  feldspar;  6,  90  washed  and  10  feldspar;  6,  95  washed  clay,  5  feldspar,  and  0.16  CaCOi;  7,  95 
washed  clay,  5  feldspar,  and  6.1  CaCOj. 

SAMPLE   I.   LOWER   KTTTANNING  CLAY.    FIREBRICK,    LAWRENCE 
COUNTY,    OHIO. 

This  clay  slakes  readily  in  water.  The  strength  in  the  dry  and 
burned  condition  is  excellent.  The  ratio  of  the  percentage  of  pore 
water  to  the  percentage  of  shrinkage  water  is  0.58  for  the  run-of- 
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miiie  clay  and  0.61  for  the  washed  clay,  whereas  the  percentage  of 
shi-inkage  water  m  terms  of  total  water  is  63.3  ])cr  cent  for  the  run- 
of-mine  and  62.0  per  cent  for  the  washed  clay.  As  clays  havmg  a  low 
percentage  of  pore  water  to  shrinkage  water  and  a  high  percentage 
of  shrinkage  water  expressed  in  terms  of  total  water  (as  is  the  case 
with  this  clay)  are  often  excellent  bond  clays,  one  would  expect  this 
clay  to  have  exceptional  bonding  properties. 
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Figure  14. — Cun'cs  showing  temporatiiro-porosity  relations  of  clay  G,  from  Xcw  Drighton,  Ta.  /,  Run- 
of-minc  through  20  mesh;  2,  washed  through  l.'jOmcsh;  5,  washed,  with  regrciind  residue;  I,,  95  washed 
olay  and  5  feldspar:  5,  90  washed  clay  and  10  feldspar:  6,  95  washed  clay,  5  feldspar,  and  0.16  raCOs; 
7,  95  washed  clay,  .■)  leldspar,  and  6.1  CaCOs. 

The  addition  of  feldspar  to  the  clay  in  the  manufacture  of  chemical 
stoneware  is  advisable,  as  it  widens  and  lowers  the  vitrification  range 
80°  C.  (see  figs.  18  and  19).  The  color  when  burned  is  hght  gray 
and  is  similar  to  that  of  the  ball  clavs  used  in  the  manufacture  of 
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whiteware.  The  softening  point,  cone  31,  is  sufficiently  high  to 
warrant  the  use  of  the  clay  in  the  manufacture  of  glass  pots.  The 
clay  has  only  a  small  tendency  to  warp.  The  burned  bars  of  unwashed 
clay  were  strongest  after  quenching  when  burned  to  cone  8,  and  those 
of  the  washed  clay  were  strongest  when  burned  to  cone  6  (see  Table  4, 
p.3G). 
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FiGURK  15.— Cui'vcs  showing  temperature-shrinkage  relations  of  clay  G,  from  New  Brighton,  Pa. 
1,  Run-of-mine  through  20  mesh;  ,?,  washed  through  150  mesh;  ?.,  washed,  with  reground  residue, 
i,  95  washed  clay  and  5  feldspar;  5,  90  washed  clay  and  10  feldspar;  C,  95  washed  clay,  5  feldspar, 
and  0.16  CaCOs:  7,  95  washed  clay,  5  feldspar,  and  6.1  CaCOs. 

SAMPLE   J.     LOWER    KITTAIsNING    CLAY.    NELSONYILLE,   HOCKING 

COUNTY,    OHIO. 

The  clay  slakes  readily  in  water.  The  percentage  of  residue 
remainuig  on  a  150-mesh  screen  is  low.  The  strength  in  the  dry  and 
burned  condition  is  good. 
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The  washed  clay  becomes  vitrified  at  1,290°  C.  and  is  overburned 
above  1,375°  C.  (see  figs.  20  and  21).  The  softening  point,  cone  30, 
classifies  the  material  as  a  No.  2  fire  cla3^  The  resistance  to  warpage 
imder  load  is  fair.  The  burned  bars  after  quenching  are  strongest 
when  burned  to  cone  6  (see  Table  4). 
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Figure  16.— Curves  showing  temperature-porosity  relations  of  clay  H,  from  i  rooksville,  Ohio.  /,  Rtm- 
of-minc  through  20  mesh:  ?,  washed  through  150  mesh;  ?,  washed,  with  reground  residue;  4,  95  washed 
clay  and  5  feldspar;  5,  90  washed  clay  and  10  foldspar;  G,  95  washed  clay,  5  feldspar,  and  0.16  CaCOs;  7, 
95  washed  clay,  5  feldspar,  and  6.1  CaCOa. 


SAMPLE     K.       LOWER     KITTANNING     CLAY.       SCIOTO     FURNACE,      SCIOTO 

COUNTY,    OHIO. 

The  clay  does  not  slake  readily  in  water  and  was  therefore  wet 
gromid  previous  to  blunging.  The  dry  strength  is  low,  although  the 
burned  strength  is  good. 
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This  clay  vitrifies  at  1,370°  C.  (see  figs.  22  and  23),  which  is  too 
high  for  chemical  stoneware.  The  softening  point,  cone  32  + ,  classi- 
fies it  as  a  No.  1  fire  clay.     This  clay  is  considered  a  typical  Ohio 
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Figure  17.— Curves  showing  temperature-shrinkage  relations  of  clay  II,  from  Crooks\ille,  Ohio.  I,  Run- 
of-mine  through  20  mesh;  2,  washed  through  150  mesh;  3,  washed,  with  reground  residue;  >{,  95  washed 
clay  and  5  feldspar;  5,  90  washed  clay  and  10  feldspar;  6,  95  washed  clay,  5  feldspar,  and  0.16  CaCOj; 
7,  95  washed  clay,  5  feldspar,  and  6.1  CaCOi. 


fire-brick  clay.  The  resistance  to  cracking  and  warpage  under  load 
at  cone  2  is  not  very  good.  The  strength  after  quenching  was  highest 
for  the  unwashed  clay  after  burning  to  cone  8  and  for  the  washed 
clay  when  burned  to  cone  6  (see  Table  4,  p.  36). 
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Figure  18.— Curves  showing  temperature-porosity  relations  of  clay  I,  from  Firebrick,  Ohio.  1,  Run-of- 
mine  through  20  mesh;  S,  washed  through  150  mesh;  S,  washed,  with  refn'oimd  residue:  i,  05  washed 
clay  and  5  feldspar;  6,  90  washed  clay  and  10  feldspar  ;  6,  95  washed  clay,  5  feldspar,  and  0.16  CaCOi; 
7,  95  washed  clay,  5  feldspar,  and  6.1  CaCOg. 
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FiGTOE  19.— Curves  showing  temperature-shrinkage  relations  of  clay  I,  from  Firebrick,  Ohio.  /,  Run- 
or-mine  through  20  mesh;  f,  washed  through  150  mesh;  5,  washed  with,  reground  residue;  4,  95  washed 
clay  and  5  feldspar;  5,  90  washed  clay  and  10  feldspar;  6,  95  washed  clay,  5  feldspar,  and  0.18  CaCOi; 
7,  95  washed  clay,  5  feldspar,  and  6.1  CaCOi. 
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Figure  20. — Curves  showing  temperature-porosity  relations  of  olay  J,  from  Nelsonville,  Ohio.  1,  Run- 
of-mine  through  20  mesh;  $,  washed  through  150  mesh;  S,  washed,  with  reground  residue;  4,95  washed 
clay  and  5  feldspar;  B,  90  washed  clay  and  10  feldspar;  S,  95  washed  clay,  S  feldspar,  and  0.16  CaCOg; 
7,  95  washed  clay,  5  feldspar,  and  6.1  CaCOj. 
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PiGtTRE  21.— Curves  showing  temperature-shrinkage  relations  of  clay  J,  from  Nelsonville,  Ohio.  7,  Run- 
of-mine  through  20  mesh;  2,  washed  through  150  mesh;  3,  washed,  with  reground  residue;  >},  95  washed 
clay  and  5  feldspar;  5,  90  washed  clay  and  10  feldspar;  6,  95  washed  clay,  5  feldspar,  and  0.16  CaCOi; 
r,  95  washed  clay,  5  feldspar,  and  6.1  CaCOj. 
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FiGTJRF.  22. — Cun-es  showing  temperatiire-porositj'  relations  of  clay  K,  from  Scioto  Furnace,  Ohio. 
1,  Run-of-mine  through  20  mesh;  S,  washed  through  150  mesh;  S,  washed,  with  reground  residue:  J,,  95 
washed  clay  and  5  feldspar;  5,  90  washed  clay  and  10  feldspar;  C,  95  washed  clay,  5  feldspar,  and  0.16 
CaCOj;  7,  95  washed  clay,  5  feldspar,  and  6.1  CaCOg. 


TABITLATED   DATA. 

With  few  exceptions,  screening  the  cLijs  through  a  150-mesh 
sieve  improves  the  raw  and  burned  strengths,  increases  the  dry 
porosity,  lowers  the  vitrification  temperature,  ^^'idens  the  A-itrifica- 
tion  range,  decreases  the  burned  porosity,  increases  the  burning 
shrinkage,  and  increases  the  density  in  the  burned  condition. 

In  some  of  the  clays  the  residue  from  screening  when  ground  and 
screened  through  a  150-mesh  sieve  may  be  added  to  the  washed 
clay  with  good  results.  Tlie  addition  of  feldspar  alone,  or  with  a 
small  percentage  of  calcium  carbonate,  decreases  the  vitrification 
temperature.     When  a  larger  percentage  (6.1  per  cent)  of  calcium 
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FiGiJBE  23. — Curve  showing  temperature-shrinkage  relations  of  flay  K,  from  Scioto  Fumare,  Ohio. 
1,  Run-of-mine  through  20  mesh;  2,  washed  through  150  mesh;  3,  washed,  with  reground  residue;  4,  95 
washed  clay  axid  5  feldspar;  5,  90  washed  clay  and  10  feldspar;  ^,  95  washed  clay,  5  feldspar,  and  0.16 
CaCOa;  1,  95  washed  clay,  5  feldspar,  and  6.1  CaCOs. 

carbonate  is  added  the  body  is  more  porous  at  lower  temperatures, 
the  vitrification  temperature  is  raised,  and,  in  general,  the  "vatrifica- 
tion  range  is  decreased. 

The  maximum  strength  of  all  (da^'S  tested  is  developed  by  l)urning 
to  cone  8. 

Tliere  appears  to  be  no  relation  between  softening  temperature 
and  resistance  to  warpage  under  load  at  low  temperature — some  of 
the  most  refractory  clays  failing  before  the  less  refractory  ones. 

There  is  a  decided  decrease  in  mechanical  strength  while  tlie  clays 
are  being  burned  above  cone  1 .  In  one  clay  the  moduhis  of  rupture 
was  270  in  the  dry  state,  but  decreased  to  27  at  cone  4,  although 
the  clay  is  a  No.  1  fire  clay. 
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The  run-of-mine  clay  screened  througli  a  20-mesli  sieve  seems  to 
be  more  resistant  to  the  quenching  treatment  when  bm-ned  than 
the  same  clay  screened  through  a  150-mesh  sieve.  When  bodies 
prepared  from  these  clays  are  burned  above  cone  8  they  are  not 
as  resistant  to  sudden  temperature  changes  as  those  burned  to  cone 
6  or  8. 

Tabulated  data  on  the  results  of  the  tests  follow. 

Table  1. — Miscellaneov^  properties  of  clays  tested. 


Percent- 
age of 
residue 
on  150- 
mcsh 
screen. 

Percent- 
age 
porosity 
(dry). 

Density 
(dry). 

Modulus 
of  rup- 
ture, 
pounds 

per 

square 

inch 

(dried  at 

110°  C). 

Percentage  of  warpage. 

Loss  of 
Strength 
due  to 
quench- 
ing 
treat- 
ment, 
per 
cent. 

Body  No.a 

Cone  01. 

Cone  2. 

Cone  4. 

Softens 
at  cone 
No.  — . 

IV 

2.5 

27.0 
29.6 

23.8 
28.1 

23.6 
25.7 

23.2 
28.5 

19.4 
27.2 

23.4 

29.7 

24.5 
27.9 

23.1 
29.0 

24.8 
25.6 

20.8 
29.2 

18.5 
28.4 

1.90 
1.83 

2.06 
1.87 

1.96 
l.SO 

2.02 
1.S7 

2.10 
1.90 

1.99 
1.79 

1.94 

1.88 

1.98 
1.83 

1.89 
1.91 

2.04 
1.86 

2.03 

1.88 

389.5 
467.9 

218.6 
319.5 

132.0 

250.7 

142.5 
259.0 

3,84.3 
532.1 

194.2 
191.0 

194.5 
321.0 

178.8 
314.9 

324.9 
499.2 

247.3 
350.1 

93.8 
270.0 

91.5 
96.3 

77.5 
97.7 

77.6 
93.0 

82.0 
93.0 

78.6 
92.0 

82.5 
96.0 

83.5 
94.0 

73.5 
93.5 

85.5 
96.5 

77.5 
95.0 

55.5 
95.4 

26+ 

2A' 

0.83 

2.42 

8.95 

IB 

6.1 

26+ 

2B 

2.77 

5.13 

9.99 

10 

9.4 

26 

20 

2.75 

6.10 

15.10 

ID 

12.0 

18 

2D 

l.SO 

3.48 

6.40 

IE 

7.0 

26- 

2E 

2.48 

2.75 

6.44 

IF 

9.4 

28 

2F 

3.58 

5.91 

10.70 

IG 

12.5 

28 

2G 

2.58 

3.22 

6.70 

IH 

7.2 

28 

2H 

3.30 

3.89 

7.50 

11 

1.2 

31 

21       

.83 

.84 

3.80 

IJ 

3.4 

30 

2J          

.58 

5.80 

IK 

5.0 

32+ 

2K 

.58 

8.85 

Broke. 

a  Letter  indicates  clay  tested.    Figure  indicates  body  used;  body  1  is  run-of-mine  clay  ground  to  pass 
a  20-mesh  screen;  body  2  is  clay  washed  through  a  15(>-mesh  screen. 

PRACTICAL    VALUE     OF    THE    CLAYS    TESTED,     ARRANGED     APPROXIMATELY    IN     ORDER. 


Rank. 

Clay. 

1 

A 

2 

I 

3 

J 

4 

E 

5 

H 

6 

D 

7 

B 

8 

G 

9 

F 

10 

c 

11 

K 

Remarks. 


Addition  of  feldspar  is  recommended.    Other 


Average  properties  good. 
Vitrification  temperature  a  little  high. 

properties  excellent. 
Vitrification  and  warpage  behavior  only  fair. 
Vitrification  ranee  is  somewhat  sliort. 

Warpage  behavior  is  poor.    The  addition  of  a  stronger  clay  is  recommended. 
Warpage  behavior  is  poor.    The  addition  of  a  stronger  clay  is  recommended. 
Warpage  behavior  is  poor.    The  addition  of  a  stronger  clay  is  recommended. 
Warpage  behavior  is  poor.    I  )ry  strength  is  only  fair.    Should  be  used  sparmgly, 
Warpage  behavior  is  poor.    Dry  strength  is  only  fair. 
Not  suitable  for  the  manufactiu-e  of  chemical  stoneware. 
Too  weak.    Not  suitable  for  the  mimufacture  of  chemical  stoneware. 
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Table  2. — Shrinkage  relations  of  clays  tested. 


Body 

No.o 


Condition  of  clay  tested. 


Pe.  rent- 
age of 
total 
water  in 
terms  of 


true  clay    true  clay 
volume,     volume. 


Percent- 
age of 
slirinkage 
water  in 
terms  of 


Percent- 
age of 
pore 
water  in 
terms  of 
true  clay 
volume. 


Ratio  of 
percent- 
age of 
pore  wa- 
ter to  per 
centageof 
shrinkage 
water, 


Percent- 
age of 
shrinkage 
water  in 
terms  of 
total 
water. 


Percent 
age  of 
tempering 
water  in 
terms  of 

dry 
weight. 


Percent- 
age of 
vohune 
shrinkage 
in  terms 
of  dry 
volume. 


lA 
2A 

IB 
2B 

IC 
2C 

ID 
2D 

IE 

2E 

IF 
2F 

IG 
2G 

IH 
2H 

II 

21 

IJ 
2J 

IK 
2K 


Run  of  mine. 
Washed. 

Run  of  mine 
Washed. 

Run  of  mine 
Washed. 

Run  of  mine 
Washed.. 

Run  of  mine. 
Washed. , 

Run  of  mine. 
Washed.. 

Run  of  mine. 
Washed. . 

Run  of  mine. 
Washed.. 

Run  of  mine. 
Washed.. 

Run  of  mine. 
Washed.. 

Run  of  mine. 
Washed.. 


78.8 
.  S3. 9 

71.3 
90.6 

61.1 
81.6 

49.8 
75.0 

49.0 
86.3 

54.6 

83.8 

64.5 
76.0 

63.1 

88.0 

88.5 
89.6 

.59.6 
87.6 

43.5 
86. 0 


41.7 
44.0 

40.3 

48.5 

30.2 
38.3 

20.8 
37.1 

23.5 
50.5 

26.0 
38.8 

33.7 
39.8 

29.8 
46.0 

56.0 
55.6 

30.0 

48.5 

17.8 
48.0 


37.3 
39.9 

31.0 
42.1 

30.9 
43.3 

29.0 
37.9 

25.5 

35.8 

28.6 
45.0 

30.8 
36.2 

33.3 
42.0 

32.5 
34.0 

29.0 
39.1 

25.7 
3S.0 


0.92 
.91 

.77 
.87 

1.02 
1.13 

1.40 
1.02 

1.09 
.71 

1.10 

1.16 

.91 

.91 

1.12 
.91 

.58 
.61 

.95 
.81 

1.44 
.79 


52.9 
52.4 

56.5 
53.5 

49.5 
46.9 

41.7 
49.5 

4S.0 
58.5 

47.5 
46.3 

52.2 
52.3 

47.1 
52.3 

63.3 
62.0 

51.3 
55.4 

41.0 
55.8 


30.3 
34.2 

27.5 
34.8 

23.5 
31.4 

19.1 
28.9 

18.9 
33.2 

21.0 
32.2 

24.8 
29.2 

24.3 
33.8 

34.2 
34.6 

23.0 
33.7 

16.8 
33.1 


30.5 
33.2 

30.8 
33.0 

22.9 
26.6 
16.1 
26.7 

18.9 
36.2 

20.0 
26.4 

25.1 

27.4 

22.7 
32.3 

40.6 
41.2 

22.7 
34.7 

14.0 
34.6 


a  Letter  indicates  clay  tested.    Number  indicates  bodv  used;  body  1  is  run-of-mine  clay  ground  to  pass 
\  20-mesh  screen,  body  2  is  clay  washed  through  a  1.50-m'esh  screen. 

Table  3. — Modulus  of  rupture  of  burned  bodies. 


Body  No." 


lA. 

2A. 
3A. 
4A. 
5A. 
6A. 
7A. 

IB. 
23. 
3B. 
4B. 
5B. 
6B. 
7B. 

IC 

2C.. 
3C.. 
4C.. 
5C.. 
6C.. 
7C.. 

ID. 
2D. 
3D. 
4D. 
5D. 
6D. 
7D. 

IE. 
2E. 
3E. 
4E. 
5E. 
6E. 
7E. 

IF. 

2F. 
3F. 
4F. 


Cone  6. 


4,624.0 
7, 200. 0 
7, 240. 0 
6,538.0 
6, 540. 0 
6,616.0 
5, 566. 0 

3,190.0 
8, 556. 0 
7,628.0 
8,130.0 
7,010.0 
6,957.0 
5, 434. 0 

2,964.0 
5,703.0 
4, 534. 0 
5, 254. 0 
5,491.0 
4,564.0 
4,090.0 

2,023.0 
4,666.0 
3, 686. 0 
4,284.0 
4,621.0 
4,606.2 
3,944.3 

2, 788.  7 
7,904.3 


882.8 
128.6 
430.0 
168.7 

911.2 
932.5 
213.8 
472.5 


Cone  8. 


6, 680. 0 
8, 265. 0 
10,  747. 0 
7, 780. 0 
6,787.0 

8,  728. 6 
6,958.3 

3,416.2 
8, 680. 0 
9,505.0 

9,  738. 3 
8,482.9 
7,514.0 
6,003.7 

3,223.7 
7, 285. 0 
6,485.7 
5,843.7 
7,802.5 
5,090.0 
7,067.1 

2, 283. 7 
4, 820. 0 
4, 585. 0 
5,581.4 
5, 790. 0 
5,877.5 
4,627.5 

3, 568. 7 
6,847.5 


6,397.5 
5,191.6 
5,588.5 
5,385.0 

3,063.0 
5,815.0 
5,133.0 
5,507.0 


Cone  10. 


3,812.0 
5,330.0 
4,671.0 
4,910.0 
5,966.0 
6,001.0 
5,779.0 

2, 665. 0 
7,504.8 
9,462.0 
6,911.6 
7,050.0 
6,494.0 
4,853.0 

1,670.0 
4,681.0 
4,543.0 
4,421.0 
4,749.0 
4,321.0 
3,464.0 

2,181.0 
3,361.0 
2,41S.O 
3,326.0 
2,991.0 
3,944.0 
2,218.0 

2, 200. 0 
5, 690. 0 


5,084.0 
4,584.0 
4, 1.55.  0 
4,873.0 

1,909.0 
3,368.0 
3,750.0 
3,869.0 


Body  No." 


5F.. 
6F.. 
7F.. 

IG.. 

2G.. 
3G.. 
4G.. 
5G.. 
6G.. 
7G.. 

IH.. 
2H.. 
3H.. 
4H.. 
5H.. 
6H.. 
7H.. 

II... 
21... 
31... 
41... 
51... 
61... 
71... 

IJ... 
2J... 
3J... 
4J... 
5J... 
6J... 
7J... 

IK.. 
2K.. 
3K.. 
4K.. 
5K.. 
6K.. 
7K.. 


Cone  6. 


6, 275. 0 
4,751.4 
3,908.7 

2, 580. 0 
5,113.0 
4,948.7 
4,993.8 
4,853.7 
4,973.0 
3,715.0 

1,974.0 
6,615.0 
2,873.3 
5,682.0 
6,111.2 
6,591.2 
5, 058. 7 

4,068.7 
10,448.3 


7,045.0 
6,734.0 
6,847.1 
5,561.0 

1,569.0 
4,699.0 
5,619.0 
5,523.0 
6,404.0 
6,165.0 
5,561.4 

1,649.4 
3,655.0 
3, 730. 0 
2,836.6 
3, 585. 0 
2,235.0 
2,437.8 


Cone  8. 


6, 727. 0 
6,059.0 
5,309.0 

3,288.7 
5,183.7 
6,350.0 
5,473.0 
6, 284. 0 
5, 780. 0 
5,890.0 

3,043.7 
7,148.7 
6,837.0 
7, 960. 0 
9,075.0 
7,768.5 
6, 208. 7 

5,075.0 
7, 190. 0 
9,438.0 
9,691.0 
7, 227. 5 
8,837.1 
6,052.9 

3,507.5 
6, 150. 0 
6, 522. 5 
8, 640. 0 
6,635.0 
8,481.2 
6,221.1 

2,129.3 
7,411.0 
8, 976. 0 
5, 742. 0 
4,710.0 
8, 740. 0 
5,621.2 


Cone  10. 


2, 675. 0 
3, 260. 0 
2,057.0 

1,521.0 
4,474.0 
2,643.0 
5,400.0 
4, 506. 0 
4,381.0 
4,545.0 

1,956.0 
3,689.0 
1,912.0 
4,586.0 
3,941.0 
5, 535. 0 
3, 682. 0 

3,014.5 
6,175.6 
6,073.0 
7,023.0 
7, 207. 0 
7,238.0 
5,169.0 

2,034.0 
5,001.0 
4,125.0 
4,018.0 
5, 799. 0 
5, 8.50. 0 
4, 528. 0 

2,041.0 
2,716.0 
3,201.0 
3,  .546. 0 
3,  ,567.0 
2, 046. 0 
5,064.0 


o  Letter  indicates  clay  used.    Number  indicates  kind  of  body,  see  p.  8. 
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PROPERTIES  OF  SOME   STONEWARE   CLAYS. 


Table  4. — Modulus  of  rupture  of  burned  bars  after  heating  to  600°  G.  and  quenching 

in  tvater  five  times. 


Body  No.o 


lA 

2A 

IB 
2B 

IC. 
2C, 

ID 
2D 

IE 
2E 

IF, 


Bars 

burned  to 

cone  6. 


832 
443 

860 
389 

531 
417 

430 
414 

594 
251 

461 


Bars 

burned  to 

cone  8. 


576 
295 

770 
194 

716 
520 

412 
347 

761 
559 

531 


Bars 

burned  to 

cone  10. 


C) 


322 
234 

414 
210 

3.S5 
390 

339 


399 


Body  No. a 


2F. 

IG. 
2G. 

IH 
2H 

II. 
21. 

IJ. 
2J. 

IK 
2K 


Bars 

burned  to 

cone  6. 


Bars 

burned  to 

cono  8. 


252 

472 
263 

575 
223 

697 
27S 

1,130 
508 

725 
504 


333 

547 
315 

802 
462 

730 
250 

782 
325 

942 
343 


Bars 

burned  to 

cone  10. 


C) 


209 

461 
427 

774 
300 

537 


263 
233 


w 


a.  Letter  indicates  clay  used.    Number  indicates  kind  of  body;  body  1  is  run-of-mine  clay  ground  to 
pass  a  20-mesh  screen,  body  2  is  clay  washed  through  a  150-mesh  screen. 
b  Shattered. 


Table  5. — Apparent  porosities  of  clays  and  mixtures  when   burned  to  different  tem- 
peratures. 


Body  No.a 

Percentage  porosity  when  burned  to- 

Cone  01. 

Cone  2. 

Cone  4. 

Cone  6. 

Cone  8. 

Cone  10. 

Cone  12. 

Cone.  14. 

lA 

19.38 
17.58 
19.28 
19.10 
19.05 
18.80 
24.85 

18.93 
20.60 
21.45 
16.75 
17.50 
17.15 
23.15 

19.60 
19.90 
24.00 
21.55 
22.00 
22.05 
28.63 

24.75 
22.55 
27.48 
23.15 
24.35 
22.85 
29.05 

22.20 
24.30 
24.70 
24.90 
21.20 
24.80 
23.65 

20.20 
24.95 
25.60 
21.90 
23.55 
20.75 
27.35 

15.90 
15.88 
16.10 
14.50 
14.65 
14.10 
19.80 

17.15 
14.15 
14.60 
15.50 
14.65 
14.28 
23.15 

22.80 
18.50 
24.10 
21.35 
18.35 
21.25 
29.20 

25. 25 
23.60 
23.60 
23.55 
22.30 
22.85 
30.30 

19.75 

20. 25 
19.83 
20.55 
17.60 
21.00 
23.15 

23.40 
25.05 
27.00 
24.55 
25.20 
24.30 
31.65 

,3.70 
.14 
.14 
.54 
.14 
.03 
6.49 

12.99 
.91 
.24 
.34 
.12 
.99 

15.90 

14.55 
6.59 
12.65 
10.25 
9.70 
10.33 
18.10 

18.80 
17.50 
19.00 
16.20 
7.73 
9.33 
14.23 

10.74 
7.43 
6.50 
8.60 
5.98 
11.69 
14.25 

16.58 
11.00 
13.70 
7.89 
6.36 
8.33 
14.35 

0.78 
.28 
.21 
.12 
.17 
.06 

1.07 

12.79 
.24 
.94 
.15 
.12 
.24 
6.00 

10.40 
2.75 
9.00 
4.30 
4.60 
3.75 
8.00 

15.30 
9.40 

10.60 
4.30 
7.50 
8.88 

11.53 

10.88 
4.00 
3.00 
2.50 
1.00 
4.50 
5.75 

14.25 
3.75 
5.40 
4.00 
4.00 
2.50 
4.00 

0.93 
.36 
.36 
.01 
.08 
.15 

5.99 

12.48 
4.97 
3.99 
2.03 

4.77 

2.21 

.28 

7.32 

.78 

1.31 

1.93 

2.09 

.59 

.22 

12.12 
3.63 
2.92 
2.93 
2.49 
2.44 
9.35 

10.93 
3.25 
2.21 

.23 
5.69 
2.46 

.06 

13.24 
1.03 
3.31 
2.58 
4.44 
.29 
.08 

0.20 
.23 
.16 
.06 
.09 
.00 

2.20 
4.00 
1.50 
3.90 
.35 
.16 
5.70 

12.80 
6.30 
6.80 
4.60 
6.40 
5.00 
5.50 

5.10 
6.10 
6.70 
3.60 
6.00 
6.00 
7.00 

4.80 
3.37 
6.20 
8.60 
9.80 
9.00 
19.00 

11.00 
8.80 
8.50 
6.20 
9.20 
6.30 
7.90 

7.50 
6. 40 
5.10 
10.30 
9.80 
3.50 
1.70 

2  A 

1.72 

3A 

1.59 

4  A 

2.47 

5  A 

3.70 

6A 

3.46 

7A 

3.39 

IB 

14.80 

3.20 

1.04 

.78 

.60 

2.18 

.00 

4.95 
1.45 
4.41 
2.34 
1.54 
2.94 
.00 

7.33 
3.37 
2.75 
2.17 
2.29 
1.55 
9.30 

10.51 
7.80 
6.95 

11.70 
5.82 

12.10 
.00 

12.45 
5.57 
3.71 
6.88 
4.88 
1.84 
.28 

5.20 

2B 

SB 

4B 

4.35 

SB 

6B.. 

7B 

IC 

8.50 

2C 

8.31 

3C 

9.68 

4C 

8.72 

5C 

6.50 

6C 

7C 

7.40 

ID 

5.65 

2D 

11.70 

3D 

10.48 

4D 

10.20 

5D 

6.12 

6D 

7.37 

7D 

IE 

10.70 

2E 

8.72 

3E 

10.40 

4E 

5E 

6E 

2.41 

7E 

8.20 

IF 

2.44 

2F 

6.68 

3F 

5.58 

4F 

3.00 

5F 

2.77 

6F 

2.90 

7F 

a  Letter  indicates  clay  tested.    Figure  indicates  kind  of  body  used;  see  page  8. 
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Table  5. — Apparent  porosities   of  clays  and  mixtures  when   burned  to  different  tem- 
peratures— Continued . 


Body  No. 

Percentage  porosity  when  burned  to- 

Cone  01. 

Cone  2. 

Cone  4. 

Cone  6. 

Cone  8. 

Cone  10. 

Cone  12. 

Cone.  14. 

IG 

21.95 
21.35 
23.00 
21.00 
22.30 
24.00 
27.00 

24.95 
26.75 
25.00 
25.65 
22.75 
24.00 
27.00 

19.15 
18.23 
19.65 
18.30 
14.48 
16.20 
16.70 

21.75 
24.20 
24.95 
22.80 
22.85 
22.90 
27.00 

23.85 
21.65 
25.30 
22.90 
21.70 
20.55 
16.35 

22.95 
19.85 
21.95 
18.75 
18.95 
21.20 
26.70 

22.95 
22.00 
19.10 
21.20 
18.00 
21.20 
26.70 

19.10 
19.40 
19.10 
17.55 
13.48 
15.30 
14.65 

18.95 
21.75 
21. 5S 
18.20 
17.30 
18.70 
27.15 

20.85 
18.55 
19.65 
16.15 
14.50 
15.30 
17.26 

20.00 
16.00 
18.00 
14.00 
14.00 
12.50 
15.95 

17.80 
16.20 
14.58 
7.85 
7.98 
10.23 
15.95 

16.23 
11.95 
12.55 
9.29 
5.89 
10.10 
13.27 

15.01 
12.40 
12.30 
10.70 
9.80 
9.60 
17.45 

22.50 
14.07 
18.73 
12.98 
11.66 
9.53 
15.65 

15.00 
5.00 
8.75 
2.80 
4.00 
5.00 
4.00 

16.00 
5.50 

10.60 
2.00 
1.75 
2.50 
4.50 

12.00 
7.25 
7.75 
3.75 
1.90 
4.75 
8.50 

12.10 
3.00 
4.75 
2.60 
2.25 
2.^5 
7.00 

22.80 
9.75 

12.50 
9.00 
7.50 
8.00 

12.00 

10.32 

1.80 

3.02 

.39 

1.15 

.73 

.33 

14.50 
.25 
6.68 
.37 
.41 
.35 
.29 

10.78 

5.23 

5.54 

.61 

.08 

.03 

3.22 

10.66 
.08 
.23 
.09 
.09 
.09 
.12 

21.65 
8.70 

11.25 
6.65 
2.95 
6.47 

10.14 

9.60 
7.49 
5.60 

.26 
5.23 
6.55 

.18 

11.40 
3.30 
4.14 
.00 
.17 
.29 
.24 

7.84 

4.55 

4.74 

.45 

.01 

1.15 

.12 

10.45 
.43 

.32 
.19 
.12 
.13 
.05 

19.10 
8.40 

10.70 
5.65 
1.49 
5.38 
8.82 

5.20 
8.00 
7.10 
4.10 
6.60 
8.10 
9.40 

10.00 

.59 

1.79 

4.20 

5.30 

.59 

.78 

6.30 

.17 

1.30 

1.80 

2.70 

.49 

.00 

8.30 
1.06 
3.60 

.73 
3.30 
3.31 

.02 

17.10 
2.30 
5.25 
1.60 
4.72 
.00 
.15 

10.85 

2G 

11.20 

3G 

12.60 

4G 

10  90 

5G 

5.09 

6G 

11  45 

7G 

IH 

5  48 

2H 

7.95 

3H 

2  42 

4H 

5H 

7  56 

6H 

6  31 

7H 

11 

6  64 

21 

8  50 

31 

8  90 

41...              

5  04 

3-1 

3  91 

61.   . 

4  52 

71 

IJ 

2J 

5.77 
8.71 
7.43 
7.85 
7  40 

3J.. 

4J 

5J.. 

6J 

7J 

10.70 
18  15 

IK 

2K 

2  87 

3K. . 

3.52 
3  40 

4K 

5K 

1.95 
1.83 
1.51 

6K 

7K 

Table  6. —  Volume  shrinkage  of  clays  and  mixtures  when  burned  to  different  temperatures. 


Body  No.a 

Percentage  of  shrinkage  when  burned  to- 

Cone  01. 

Cone  2. 

Cone  4. 

Cone  6. 

Cone  S. 

Cone' 10. 

Cone  12. 

lA 

13.20 
19.80 
20.90 
17.95 
17. 53 
21. 15 
13.85 

14.40 

20.  45 

21.  85 
19.75 
15.10 
20.00 
14.50 

7.43 
16. 15 
10.08 
12.60 
12.83 
12.23 

6.10 

1.5.90 
21.10 
22. 05 
20.  S3 

19.  35 
23.  SO 
14.85 

14.70 
25. 05 
25.  65 
22.  GO 

20.  G5 
22.  45 
15.80 

8.36 
20.  25 
13.  S9 
14.87 
18.00 
15.12 

7.06 

24.00 
29.55 
30.85 
28.09 
27.41 
30.64 
24.44 

17.12 
32.  30 
32.40 
29. 00 
27.13 
29.18 
19.24 

15. 14 
26.  75 
20. 88 
22.10 
l.s.  50 
20.70 
16.15 

24.31 
29. 50 
32.  25 

30.  25 
28.  7S 

31.  60 
23.51 

16.  .53 
31.19 

34.  58 
28.73 
27.  48 
28.80 
21.70 

16.  25 
27. 95 
26.  65 
24.  25 
25. 36 
24.25 
22.50 

23.30 
28.80 
32.35 
35.60 
28.  85 
31.45 
17.20 

9.06 
24.  SO 
26.60 
26.80 

22.  40 
24.15 
24.80 

16.  40 
28.  40 
28.  40 
24.  S5 

23.  55 
27.  35 
25.75 

24.90 
29.10 
32.  55 
28.00 
28. 85 
31.  .55 

2A 

21  80 

3A 

28  10 

4A 

5A 

25  80 

6A 

28  50 

7A 

22  90 

IB 

8.63 

6.30 
41  25 

2B 

3B 

33  95 

4B 

22  22 

5B 

22.80 

27.20 
31  60 

6B 

7B 

24  60 

IC 

16.40 

26.80 
23.80 
24. 65 
23.10 
23.40 
25.90 

13.70 
19.35 
20.60 
23.75 
17.30 
19  50 

2C... 

3C 

4C 

5C 

6C 

7C 

14.30 
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Table  6. —  Volume  shrinlcage  of  clays  and  mixtures  when  burned  to  different  tempera- 
tures— Continued. 


Percentage  of  shrinkage  when  burned  to- 

Body  No. 

Cone  01. 

Cone  2. 

Cone  4. 

Cone  6. 

Cone  8. 

Cone  10. 

Cone  12. 

ID...                   

3.70 
8.43 
5.86 
8.18 
8.55 
8.33 
2.93 

7.14 
10.64 
10.85 
11.55 
14.40 
10.45 
10.02 

3.64 
9.23 
8.10 
11.28 
9.23 
9.78 
5.93 

6.48 
9.47 
8.53 
9.73 
11.68 
10.78 
5.59 

6.63 
13.88 
15.00 
12.70 
13.45 
13.55 

9.60 

13.63 
17.75 
17.53 
14.30 
19.17 
19.10 
9.60 

9.78 
13.73 
14.90 
13.60 
15.50 
1.5.90 

7.32 

15.40 
23.05 
21.40 
22.75 
23.20 
20.80 

5.98 
8.64 
8.51 
9.36 
10.98 
7.82 
3.54 

8.60 
15.87 
15.21 
14.65 
15.47 
14.19 
13.56 

5.92 
12.85 
11.36 
14.03 
13.96 
13.17 

8.28 

7.37 
16.74 

9.93 
14.96 
15.  63 
14.50 

8.05 

8.32 
16.52 
J6.68 
16.36 
18.54 
16.87 
11.44 

15.03 
19.40 
17.71 
16.38 
21.40 
20.98 
11.44 

10.96 
16.40 
16.91 
18.23 
18.55 
17.84 
8.45 

16.59 
25.15 
23.28 
27.63 
28.78 
26.18 
23.70 

6.92 
17.85 
18.13 
17. 48 
19.38 
16.53 
15.03 

15.03 

23.  .50 
24.80 
22.85 

24.  55 
21.88 
14.28 

8.25 
19.00 
16.  25 
20.00 
20.00 
13.25 
12.00 

14.00 
20.20 
18.10 
20.55 
24.30 
21.70 
17.65 

11.35 
23.  55 
29.70 
25. 35 
25. 00 
23.00 
18.15 

16.80 
22.30 
21.55 
21.00 
24.20 
24. 05 
18.15 

13.30 
22.45 
22.80 
23.55 
24.00 
25.15 
14.50 

18.40 
28.90 
24.90 
30.10 
30.10 
28.20 
23.80 

7.95 
18.96 
20.75 
18.30 
20.95 
19.00 
19.95 

9.43 
22.70 
24.65 
24.00 
25.70 
23.65 
16.78 

9.42 
22.00 
20.00 
25. 69 
26.38 
24.65 
20.03 

14.40 
24.00 
24.30 
24.00 
26.00 
26.  fiO 
22.75 

13.00 
23. 00 
32.00 

26.  40 
27.30 
27.00 
25.00 

19.60 
25.00 
22.00 
24.00 
25.70 
27.00 
22.50 

12.10 
29.00 
28. 50 
29.00 
28.10 
29.50 
22.00 

20.  25 
31.25 

27.  50 
32.00 
32.00 
30.  .W 
26.00 

9.00 
23.45 
24.90 
23.40 
22.40 
23.65 
21.97 

6.06 
21.90 
24.80 
25.55 
20.35 
23.35 
23.00 

12.43 
28.65 
28.25 
24.40 
22.15 
28.15 
28.45 

17.50 
26.60 
25.90 
26.55 
25.40 
26.85 
25.40 

13.70 
28.55 
32.85 
27.10 
26.80 
28. 80 
28.20 

20.40 
25.75 
22.00 
24.25 
26.25 
28.15 
24.60 

10.10 
30.10 
29.70 
30.45 
29.25 
30.30 
26.10 

20.90 
32.00 
30.45 
33.55 
34.10 
32.15 
28.30 

10.00 
23.40 
25.00 
23.40 
22.30 
23.60 
20.03 
5.57 
20.60 
22.40 
23.00 
18.30 

14.10 

2D                           

19.80 

3D 

20.50 

4D 

14.50 

5D...                       

.5.40 

6D 

9.00 

7D 

19.00 

IE 

4.60 

2E 

15.90 

3E 

17.60 

4E 

20.30 

5E 

14.10 

6E 

16.75 

7E 

23.50 
11.95 
22.93 
27.75 
19.20 
20.25 

27.  SO 
29.40 

20.20 
23.00 
23.45 
22. 95 
22.70 
22.00 
25.55 

13.43 
33.40 
33.00 
27.30 
27.00 

28.  85 
28.20 

20.65 
25.95 
22.70 
22.80 
28.25 
27.70 
26.90 

10.10 
20.00 
29.00 
30.40 
29.50 
31.90 
26.30 

18.88 
32.  .30 
30. 45 
34. 15 
34.75 
32.  60 
28.50 

13.30 

ir 

7.50 

2F 

3.40 

3F 

5.10 

10.30 

6F 

9.80 

3.50 

7F 

7.70 

IG 

18. 00 

20.60 

3G 

23.20 

4G 

16.33 

5G 

15.35 

6G 

18.  40 

7G .  .. 

12.45 

IH 

13.10 

2H.. 

3H 

34.00 

4H 

21.00 

5H 

19.00 

6H 

28.60 

7H 

24.80 

11 

22.00 

21 

26.  40 

31 

27.80 

41 

51 

15.  00 

61 

71 

22.90 

IJ 

7.  .50 

2J 

28.90 

3J 

23.70 

4J 

28.00 

5J 

21.10 

6J 

25.  (iO 

7J 

25.50 

IK. 

17.10 

2K 

33.  40 

3K 

33.55 

4K 

35.  60 

5K 

35.  30 

6K 

34.00 

7K 

30.15 

o  Letter  indicates  clay  tested.    Figure  indicates  kind  of  body  used;  see  page  8. 


Table  7. — Analyses  of  four  of  the  clays  tested. 


Loss  on  ignition per  cent 

SiOa do. . 

AI2O, do. . 

FejOa do. . 

CaO do. . 

MgO do.. 

TiOj do.. 

MajO do.. 

K2O do.. 


10.00 

56.98 

26.22 

2.00 

.60 

.79 

1.30 

.20 

1.89 


B. 


12.82 

53.04 

26.70 

3.00 

.94 

.93 

1.30 

.58 

.77 

100.08 


8.08 

62.59 

22. 17 

2.11 

.80 

.72 

1.30 

.31 

2.48 

100.56 
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